REVISED 18-14-35

- UNIT __TWC/MLA
FHEA MD. _2.3.3.1 SHUTTLE CCTV DWG NO. -
CRITICAL ITEMS LIST
CRITICALITY _ 2/Z SHEET 1 0F 3

FAILURE MOAE AND
LAUSE

FAILURE EFFECT

liwe base 4rrors [}itter] in tha
syrichrpalzakion information en the
ridas cutput 1ine. Video informa-
.ion b3 preseni and cantains the
vima base arrors.

vC

i Sync Generator. |
Clock Dividar Chain.
Phaose-Locked Lpop.
2x9a850-504

7 Comera Tising Logic
2294881-501

1]1] Master Dscillator

¥L
featers

-AGR

(T} Loss of camera cutputb

depicting scene infpr-
mation within FOW of
lens ds5enh]y,

12} Loss of comeara unkil
self-heating of ¢ir-
coltry restorgs normal
aperak ion.

Loss of misajon critical
viden.

RATIORALE, FOP ACCEPTAMCE
QESIGH FEATURES o
The TW(/Lens Assenbly 5 cooprized of b6 glectrical subagscmblies; 131 spbassemhlies
arg ACA Astro designed and fabricated using standard printed-circuit board type of
construcklon. The vewaining thres assemblies, hlgh unltige parer supply, aceillator,
and stepper noters, are vendor supplied <omponents which have bean specified and
purchasae accurdin? to RCA Specification Contrp) Brawings (SCDs) prepared hy engi-
necring and reliability assurance. Specifications per the 3CD are prepared Lo
eciablizh the dagign, performance, test, qualification, and accepkance vequirensnts
for a procured glece of gquipment,

Parts, aaterials, processes, and dasign guidelines for the Shuttle CCTV program ave
speckfied in accordance wikh RCA 2295503, This docment defines the progrim require-
merks for selection and contral of EEE parts. To the maxloun entent, and conslstest
with availability, all parts have been Selacted from silitary spacifications at the
JAH 1evel, as a minimum. TIn additian 1o the overall selectipn criteria, a subset of
general purpose preferrad parks has baen defined by this docvment and the RCA Govern—
ment Systems Qivizion Standard Farts Eist. [n the case of the CHOS and TTL family of -
microcireuits, duvices arg scresnad and tesied to the MIL-5TO-B3IC equivalent and
procured onder the designations of RI-REL/AIWG and SHC S4LS from RCA-550 and Texas
lInstrumenls Carp, raspectivaly. Parks ook included in the sbove documents have been
used in Lhe dasige unligr after a nonstardard ttem approval form (HS[AF} has been pre-
pared, submitted ta Aeliability Assuranca Engimeering (RAE) and appraved for use in
the specific applicationis) defined in the W3IAF by HASA—JSC.

Worst=Case Lircuil Analyses have been performed and documented For all circvit
designs to demoasktrate Lhat sufflclent operating margins enist For all nﬁeratlng
conditions. The analysis was worst Case-in that the walue for each of the variahla
parameters was sel ta Vimits that will drive Lthe avtput to a maximum (or minioum).

A romponent aEpTicatinn revliew and analysis was conducted ko wverify that the dppliad
strecs on each piace part by the tenperature extremes identified with environeental
qualification testieg dees not exceed the stress devobting values identified in RCA
2205503.

In additfon, an objactive axamination af tha design wasx perfovmed through a POR and

COR ta verify that the TWi/Lens assembly met specificalion and contractual reguire-
nenkts,
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REVISED 10-14-86

UNIT __TY¥CAdLA
FHEA HD. _2.31.3.1 SHUTTLE LCTV ' DHG M. ZEI4A9-5D%, SOAF
CRITICAL ITEMS L1ST _ £307089-503
CRITICALLTY 2/2 : - SHEET £ oF  _ .9 _
FATLURE MODE AHD FAILURE EFFECT
: CAlISE - O EHD IIEM RATEDMALE FOR ACCEPTANCE
Time bate ervors [jitter) in Ehe 1) Lozs of camera autput | DESIGH FEATURES (Cantinued)
syachronizatlon inforoation on Lhe depicking scene infor-
wigep puiput Time. Wideo informa- mabion withln FW of BARE BOAAD DESIGH (A1}
tion is prasent and Contdins the Tens assembly.
time base arrors, £2) Lass of camera watil The desiqn of the assoctated Al hoard {5 conctructed from lasminated
s&lf-heating of cir- [nppﬂrv:?aﬂ epuny glass sheets {HEMA G-10) &rade FR-4}, PER HILP-55617A. Lircoil
Wi cuitry restares noreal] connections ara wade through printed traces which run fron point te point an the
Al Syne Benaratar. cparakion. bpard surfaces., Every trace Lerminates at an aanylar rin?. The annular riag
Clock BHwider Chain. surtuonds the hele in whizh a componeat Tead or términal is located. This ring
Phase-Locked Laop. farst Lase: provides a Footiag fer the selder, ensuring good mechanlcal and electrical
2214084d-504 Loss of mission critical perfarnance. Its 5ize and shape are goversed by HIL-P-556M) ac are Lrace widlths,
A2 Camera Timing Logic video. spacing and routing., These requirenests are veiterated speeifically in drawing
2294981-501 ' notes to furthar atsuve compliance. WVariations betweea the artwork master and the
B3 Haster Oscillator final product (due to irregularities of the #iching precess) are also cantrolled by
drawing motes. This prevents making defactiva boards From good artwork. Holaz which
I¥L heuse no lead ar Lerminal, but serve only te elecirically interconnect bhe different
Heakers beard layers, <onbain stikch hars for nechandical support and increased reliabilikby.

The thru holes are drillad from a drill tape thus elininatiag the possihility of
human errer and allowbng tight coatral over bale snd annutar ring cancentricity, an
- jmportant veliability criterion. After drilling and etching, A1l copper cladding i%

tin=legad plated per ﬁIL—iTD—Idﬂﬁ. This provides for sasy and rellab)le soldering at
the time of board asasmbly, even aftar perieds pf prolonged storage.

BOARD ASSEHBLY DESIGH [AN)

AVY components are installed in a manner which assoves mawimum +&liabiTiky.
Component leads are pra=tisned. allowing total wetting of soldes jeints. Al leass
are formed ko provide stross relief and the bedizs of Targs components are staked.
Specia) mounting and handling instructbans are included in each drawing required
after final assembly. The board s coated with urathane which protects against
humidity and contasination.

EOARD PEACEMENT

The Al and A3 boards are secured in the electroni¢s aszombly by

gold=plated beryl1uw copper card guides. Cannections are made ta the mother board
with bBlind-mated connectors. Disengagencnt during Yauwach ie pravented by a cover
which spans the board's Free edge.




REVISED 11-3-8E

UHIT _ TYAWLA
FMEA WO, __2,3.3.1 SHBTTLE £4TW Okl; HO. 2294015508, S08f
CRITECAL ITEMS LIS e070Bg-503
CRITICALITY 242 SHEET 3 oF G

FATLIRE MODE AN
CAUSE

FAILURE EFFECT
OH E£HG ITEW

—RATI(MAIF FOR ALCEFTANLE

me base errars (31tter} in the
mchrenizatian informaklon on the
dea output Vina. Videa informa-
ian is préesent and conbaios the
ime base errdrs.

i )

| Sync Generator.
£lock Divider Lhain.
Phase-Locked Loop.
2294B80-504

! Camera liming Logic
21940R1-501

L3 Haster Oscillater

i

rakers

t36H

[1) Loss af camera putpuk
dapictiag scena infor-
mation withis FOV of
Yans assewhly.

(2] Loss af camera uatil
selfF-heating of cir-
cel bry restores normal
operaklon.

Lasz of misgion evikical
videg.

DESIEN FEATURES {Conktinued}
BARE d0ARD CONSTRUCTEDN {AZ)

The #2 board is of "welded wire" construckion. At the bare board Tevel this does nat
distinguish it from a asrmal PC baard except that hobes which will take weld pins
generatly #ve not cosaected to PC traces. Only those pins which bring pawer and
ground potentials to the ICy are on PCx. An annular ring surrounds tﬂe hole in the
board where zach power ané grownd pin is lecated, Thess pinz are thea saldered to
the irace 13ke any other camponent Vead. Aside From this feature, al) design

E constraction techniques used in PC board layout apply.

BOARD ASSEHBLY (AZ)

Tha dritled and stched boards are populated wilh sevara) hundred solderable or
weldable pins. Pawer and ground pins, 25 well as connector pins, are saldered in
Eh:e. Discreet components {resiéstors, diodes, capacitors) are atiached to
jfurcated terminals, where they are soldersd. Flatpack [Cs are welded,
load-by=}pad,to the tops of the weld pins. After welding, exira Jead material is
trimmed away. Circuil connecklons are made using #30 AWB nickel weld wire. The
wire is welded to the pin surfaces on the board bachslde. A1V wite welds are dane
using a machine which 1z Lape driven, Lhus aliminating the possihitity af mismiring
due te opurater arror. 411 wiring & clreuit performance is tested prior to
bax-1evat inskallation. After successFul basting, conponents are staked as required

by drawing notes and the assembly 13 coated with urethane.

Tha board 15 insartad in the hox on card-edge guides, in the sane manner aa khe other
P bwards,

The A13 assembly is a temperatvrs campensaled valtage coatrelled crystat oscillator
{TCWCXD) what 15 purchased to 3 specificalion controtled drawing ihat estahlishes

the requirerents for performance, design, test, and qualification of the wmit. Ithe
proguct asewrance provislons of the document contain the idenlical requirenents for
glectronic parts and materials as the Shuttle C(CTV pragram and sust recaiva the
appraval of RCA and MASA-]SC. Merhanical and electrical integrity of ihe assemhly

i5 confirmed by bokh anabysis (design reviews) and test {gualification and atcoeplanca) .
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REVISED 14-14-06

UNTT
FHEA HD. __2.31.3.1 © SIITTLE LCTY OWG MO 224B19-5D46. 500
CRITICAL ETEMS LIST 2307080-503
CRITICALLTY 2L CHEET | ar q

FAILURE MOODE AMD

FAILURE EFFELT

RATIDMALE FOR ACCEFTANCE

Oy EMD 1TEH

ime baze errors [jitter) in the
ynchroslzation information on the
ideo output 1ina. Video informa-
ion s presenl and contains the
ime kase prrors.

¥o

1 Syac Generator.
Clock Divider Chain.
Fhase-Lecked Loop.
2291580504

2 Camra Timing Logic

- dasdBnn-58%

13 HMaster Oscillator

¥

lealers

{1) Loss of camera guiput
depicting scene infor—
mation within POV of
Tens assembly.

Inss of camers watil
self-heaking of cir-
cwitry restares norwal
operatian.

{2)

Loss of lié!inn eritical
video,

QUALIFICATION TEST

For Qualification Tesk Flaw, see Table 2 Jocated at the Frent of thi: bapk.



REVISED H0-14-86

HIT __I!LEHLA
SHUTYLE COTY DMG ND. 2641 G506 5067
FAEA WO _Z.3.3.] CRITICAL 1TEMS LIST 2311111%5113__.
CALFICALLTY 2/ ' ) SHEET __ % 9
E AHE - FAILURE £FFECT
FAI[UREEHH]JEE Of CHD ITEH RATIONALE FOR ACCEPTAMCE
lime bate arrors {jitter} In the (1) Loss of camera uut?.nt ACCEPTANCE TEST
synchronizatien Information on the depicting scene infar- _ _ .
sidee gutput Tine. Videa informa— mation within FOV of The {CTW spstens' WLA is subjected dire¢t1l, withput vibration 1selators which might
tian is present and contains the Tens assembly. be uwsed in their normaV installation, to the Fallmwing twsting!
Lime bLase srrors. [} Loss of camsara untid
' self-heating of cir— | o wibration: 20-G0H: - 3 d0/0gt-rise fron 0.81 62z
vC ’ cuibtry restures nommal _ AD=350 He: D.04 G-z
a1l Sync Generatsr. oparation. 50-750 Mz: -3 dB/10 Bct-slope:
Clock Divider Chaie, Test Duration:z | Minute per hxis
Phasa-Locked Loop. Worst Cgse: o Tesk Leval: 6.% Grog
2204840-504 loss of mission critical .
&2 Camera Tining Logic video. e Thermal Yacumm: I & pressure of 1X107> Torr, the temperature shall be a3
229458155ﬂ:l1 b follows:
r Oscivlator .
BL3 Maste 125* F: Time te stablize aquipment plus 1 Bour
Iv 25* F: Time te skablize equipment ples | hour
Heakers V2% F: Tiwe to stabliza aquipnent plus | howr

The WLA may not have Beea subjecked to the vacuum condibios.

For Acceptance Test Flow, See Table 1 lacated at the front of thiz boak.

QEERATIONAS TESTS

In order ta verify that CCTV components are aperational. a test must verify the
health of all the conmand relaled eompenents From the PHS [ATA1} panel swikch,
throwgh the ACY, through Lhe syn¢ T{aes bo the Camara/PTU, bte the Camera/PTU coemand |
deccder. The kast musl alte verify the camecats ability ko produce vides, the ¥SU's

akility to route vidae, and the menitor's atl]lt: to display video. A similar test
woarld porformed to verify the MOM command path.

Pre-lawnch g0 Drbiver Test/le-F]ight Test

1. Power LCTV System.

2. ¥Wla the PHS panel, select a rﬁnnitnr as destinatien and the canera umder
ket A% sdurce.

3. Seond "Comera Power On" cammand From PHS panel.

4, Select *External Symc" on monstor.

5. Dbserve video diuwplayed an monitor. MHobke that §F video on monftor is
synchronized {i.e., stab¥e rastar) then this indicates that the camera
s receiving compisile sync From the ROU and that the camera is producisqg
synchronizad video.

6. Send Pan, Tilt, Focus, Zoon, OLR, AMD Gamma commands and viswally (either
wia the nenitor or direct observatbon) verify aparatian.

7. Select dewnl Ink as destination and caneva under test as source.

O, Observe video routed to dowmllnk.

lg. Send “Cangra Poser OFF" cosmtand via PHS panel.

Aapent Stepe 3 through 9 eacept 13sye camnands vla tha MOM command path.
ik ' This proves Lhat the CCTY equlpweat |a operatlonal.

i PR LAY L R -



REVIZED 10-0a-86

UNIT _ YL AfLA
FHEA MWD. _ 2.3.3.] SHUTTLE CCTV ONG . ceB4A19=506, 508
CRITICAL ITEMS LIST 2I07aa-503
CRITICALITY _ 272 SHEET _ & OF q

FAILURE HODE AMD

FA[LURE EFFECY
o4 8D 1TEH

RATIDHALE FOR ACCEPTANCE

ime base errors [Jitter) in the
ynchronization infprmation oe the
lden putpat Tine. Wideo inferma-
ipn is present and containg Lhe
ime base ErFGra.

1
1 Syn¢ Geserator.

Clock Rivider Chain.
Phase—Locked Loop.
2294080504

2 Camera Timing Lngic
2294881-501

13 Master Oscillator

YL

ealers

(V] Loss of camara output
deptcting scene infor-
makian within RN of
Yans asseably,

{2]) Loss of comera wnbi)
self=haatimg of cir-
cultry restores noermal
operatiDa.

Lozs of mission criblcal
whden.

&4 IMSPECTLIDN

Erocurevant Contral — The TWO/HLA EEE Parte apd bhawdware 1bems are procured From
approved vendars and suppliers, which meet Lhe requirements set forlh in the CCTV
contrack and Quality Plan Hork Statesment (WS-2593178). Rasldent DCAS persoansl
review all procurenent documents to establish the nead for GSI on selected parts
{PAL 51T},

= Incaming QuaViky 4nspections are made on all
arty. Results are recorded by Tot ank retalned in File by
ers fer Futura refarence and traceabiliby. A1l EEE parts
are subjacted Lo dincowbng acceptante tesis as called for in PAL 315 — Incowing
Laspeclion Test Instructions. Taceming FlighL parts are further processed in
gccordance with RCA ¥8AG5684 - Preconditioning and Acceptance Requirepents for
Etectranic Parts, with the excepbisn bhat DPA and PIND testing 1s sal performed.
Mechanical items arn Inspected per PAL 356 - Incoming Inspection Jestrwcligns for
mechaaical itams, PAI 305 - Intumi‘% Qualiky Coatral Inspaction Instruction, and
PAT 612 = Procedure For Procassing Incoming or Purchased Parts Desiynated for
Flight Use. Accepted items are dellvered bo Materlal Conkrollad Stores and
retsineg uader speciflied conditions vetil Fabricatiom is required. HNor-conforming
materials ave held for Makterial Review Board {HABY dispoazition. {PAI MY,
FAL 1QC 511).

recaived malerials and
drawing and canktrol n

= Prlor to the start af TVE board assembly. adl 1tems are
verified to be covract by stoch raom personnel, as the items are accwmulated te
form a kit. The items are verifiad again by the operator who assembles the kit by
checking against the as-bullt-parts-Tist (ABPL]. OCAS Mawdatory Inspeckian Point
are des?lpated for all printed circulk, wire wrap ard welded wire hoards, plus
harmpess cannectors for soldering wiring, crimping, solder splices and quality
warknanship prior te coating of the conponent side of boards and sleeving of
harnesses.

IV, Boavda

Specific TVC board assembly snd test dnstruclions are provided in drawlng notes,
and applicable documents are called out in the Fabrication Procedure and Recerd
{FPR-2294819} and parts Tist PL2294919. Thease dncluda shutlle TVC assemhly sotes
25936E0, Process Standard ATY-566 ZZHDEA1, Pracess Stamdard - Bonding Yelcro Tape
22000R%, Specification Saldering 2280749, Specificalian Hame Plate Application
1960167, Spacification - Crimping 22ADADA, Spacitication - Banding and 5taking
2200878, Specificakion - Urethane coating 22B0F7, Specificalion — loeking conpousd
2026016, Specificakion E:n:y Adhesive 2010985, Specification = Harking 2280875,
Specification — Workmanship 8030035, Specification Bonding snd Staking 2280875,



REVISED 14-13-86

FMEA 00, _ 2.3.3,.1

CRLITICALITY Fais

LHIT
DWE ND. 2294819-506 ADE/
230ong-o03 . ..

SHEEF 7 oF L

SHUTYLE CCTV
CRITICAL TITEMS LIST

FAILURE MIDE ANO
CAUSE

FAILAURE EFFECT
O EHD TTEM

RAT10HALE FOR ALCEPTANCE

Time base errors {]itter) n the
synchronization information on the
widen output 1ine. Video inforsa-
Han ix preseat and coataing bhe
Elme hase errovs.

LN
Al Syn¢ Gendrator.

Clock Oivider Chaln,
Phase-bnckead Long.
2794RR0-504

p2 Camera Timing Logic
229480v-501

A13 Hasker Oscallator

INC
Heaters

Q2GR

{17 Loss of comera outpul
depictIng scene infor-
matian withln FOV of
Tans asxembly.

{21 Loss pf camera unkil
salF-haating of eir-
caitry restares nornal
aparation.

Lass of mi;ﬁian critical
vides.

04 IHSPECTION {Conkinued}

JUE Assembly and Test — As open box test 15 perforned par TP-IT-2294819, and an
Acceptance Test per TP-AT-2194819, including wibratien and thermal vacuum. Tarques
are sEe:ilind and witnessed, traceabiVity numbers are recorded and callbrated Looks
are chacked prior 1o mae. RCA {Juality and DLAS inspections are performed at the com-
pletion of specified FPR operations in accordance with PAL 204, PA] 205, PAL 206 and
PAI 217. OCAS persoane] witness TWE butkon-up and critical Eorquing.

- An ppes box test 13 performed per TP-IT-2307088, Arcaphance Tast
per TP-AT-ZA07BAH. Torques are specified and witnessed, traceability numbers are
racarded and calibrated tools are checked priar to use. RCA QuaVity and DCAS inspections
are perfovmad ak the completios of specified FPR oparationt in accordance with PAL 204,
PAI 205, PAL 217 and PAL 40Z. DCAS personnel witness WA butblon-up and cribical torquing.

TvC/MLA Assembly. dnd Test - After a TVC and & WLA have baen Eested Individually,
thiy are wated and a final acceptance test is performed per TP-AT-2204819, including
vibration and thermal vacuus emvironments. RCA and DEAS personnel nonitor Lhess
tesks and roview Lhe acceptance teal datalresults. Theso perzonnel alss inspect

far conformance after all repalr, rework and rebest.

Ereparatjon fur Shipment - The TVC and WA 2re separated prior to shipment afler
fahrication and tesiing 1s complete. FEach 1s pachaged aceording to COTV Labier 8811
adad 2298746, Process stenduard For Packaging and Handling guidelines. A1 related
documenkalion including assembly deawings, Parls Lisk, ABPL, Tesk Data, ets., is
¥atherzd and held in a documentation folder issignld specifically to &ach assembly.
kic falder i1 ratainad for refarence. An E1DP 15 preparsd for sach asey in
accordance with the reguirements of WS-2593136. RCA QC and DCAS persgnne’ witlness
crating, packaging, paching and marking. and review the EIDP for completanase and
ACCurdly.

PUIG? oWN T LN,
r- %



SEVISED 10-14-86

URIT
FHEA WO, _ 2.2.3.1 SHJUTTLE CCTY DHE WO, 2294819-806 508/
CRITICAL ITEMS LIST ArdAR-503

CRITICALETY 242 SHEET a ar 4

FAILURE HODE AMD FAILURE EFFECT

CAUSE . (M END ITEH RATIOHALE FOR ACCEPTANCE

ime base errors §jitter) 1n khe {1} Lozt of camers output | FAILURE HISTORY
gnehronlzation informatian on Lhe depicting scene Infor-

ideg autput 1ine. VYideo ionforwa- mation within FIN of HOME .

jon ix pressnt and cantaing the leas assembly.

ifie base Brrori. {2} Loss of camera until

selF=healing of ¢lr-

¥C ' cuitry restores normal
J  Syac Gengrator. operation.

Clack Divider Chain.

Phase—Lackad Loop. Worst fase:

2294580504 Loss of mission critical
2 Camara Timing Logic vides.

22S861-501
A3 Masker Oscillator

XL

leaters ' -




REVISED 18-14-36

FHEA WO _ 2.3,3.1

CRITICALITY 2f g

UHIT __TWCAAA '
DHG M. 22940 19-506, 508/

230m0B88-503 . |
SHEET b Gor ‘9

SHUTTLE {CFY
CRITICAL ITEWS LIST

FAILURE MODE AND
CAUSE

FAT1URE EFFECT
DN EWE [TEH

RALIOMALE FOR ACCEPTANCE

{mo bate arrors [Yitter] 1o the
yachronization information on the
iden owiput line. Wideo informa-
ion iz present amd conktaing dhe
ime base BYrOKS,

YL

1 Syn: Generator.
Clock Pivider Chain,
PhaseLacked Loop.
FAMEAD-504

2 Camera Timing Logic
Z7HBRI1-5D1

13 Haster Oscillator’

¥L

saters

3R

{1} Lloss of camera cwiput
depicting scane ipfor-
makion within FOV of
Yens assembly.

Loss of camera until
se]F-heating of cir-
cuitrfirestbres nomal

12}
aperakion.

loss ol mission critical
video.

DFERAFLOMAL EFFECTS

Loss of widea. Poisible Tozs of majar missien objectives dve to lozs af RHS cameras
or other required cameras.

[REY ACTIONS

If passible, continue RMS opevations using alternative visual cuas.
CREY TRAIMING

Craw should ba traieed to use possible altermatives ta OETY.
HISSION COMSTRAINT

Khere possible, proccduresr zhould be designad sa they can be accomplished wilhout
CLFY.

o '1\[ . .'?_iFL:
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